Background and objectives Several temporary venous catheterizations are sometimes required for acute renal replacement therapy (RRT) in the intensive care unit (ICU). This study compares first and second catheterizations in the femoral and jugular veins in terms of patient safety.
Introduction
Temporary vascular access by central catheter insertion is required for treating ARF by renal replacement therapy (RRT) (1) . The major life-threatening complication related to vascular access is infection (2) , representing the main cause of nosocomial bloodstream infection in intensive care units (ICU) (3) .
Because the use of femoral catheters is associated with increased risk of bloodstream infections compared with internal jugular catheters (4, 5) , this route has been discouraged for temporary dialysis access (6) . However, a parallel experiment from our group (7) showed that this might not be the case in ICU. In addition, the incidences of catheter bloodstream infections (7) or catheter dysfunction (8) , as well as urea reduction ratios (URR) (8) , were similar between randomized groups. Any unexpected result derived from a single study must be confirmed by other studies before translating evidence base into routine clinical practice.
Another data set from the same Cathedia study included the second catheter inserted at an alternative site within the same patient. The aim of this study was to validate our previous comparisons of vascular access using this new data set in a crossover experiment.
Materials and Methods

Study Design, Settings, and Population
The Cathedia trial was a randomized, controlled trial undertaken in nine university hospitals and three general hospitals in France, between May 2004 and May 2007 (ClinicalTrials.gov Registration NCT00277888). The Cathedia study included 750 patients and compared the risk of catheter infection based on the catheter insertion site (femoral or jugular). The randomization was also stratified by the study center and the mode of RRT (continuous or intermittent hemodialysis).
Eligible Cathedia participants were critically ill adults who were expected to require renal support with RRT in the ICU (7) . Inclusion criteria for participation included first central venous catheterization (CVC) for RRT and no contraindication for either jugular or femoral access. Data regarding the second inserted catheter were also collected prospectively with the same case report form.
During RRT management, investigators were asked to complete a second case report form if they chose an alternative site for the second vascular access. A crossover study was thus designed among patients from the Cathedia study who consecutively received a first and a second CVC in the two different sites of insertion (femoral or jugular). Details regarding catheter lengths, types, materials, care, RRT, and dialysis procedures (which were similar between the first and second catheters within each center) were described previously (7, 8) . The institutional review board at Caen University Hospital approved this study. Informed written consent was obtained from all participants or their proxies.
Endpoints
Catheter-Tip Colonization. The Brun-Buisson simplified technique (9) of quantitative broth dilution culture was used to define catheter-tip colonization. Catheter-tip colonization was defined as cultures with at least 10 3 CFU per millimeter of growth. The microbiologists were unaware of the catheter site.
Catheter Dysfunction. Catheter dysfunction was defined as an inability to attain an adequate blood flow, requiring catheter replacement. Thrombolytic therapy was not permitted in this study.
Urea Reduction Ratio. Among patients starting with intermittent hemodialysis, the URR was calculated according to the following equation:
Statistical Analysis
Sample size estimation of the primary analysis was reported previously (7) . In this secondary analysis, we used available data without post hoc power computation.
Data were expressed as mean 6 SD or median (interquartile range) and percentage, depending of the nature of the variable of interest. To determine whether the 1:1 randomization balance of the Cathedia trial was still valid, the chi-squared test was used with a 50-50 proportion to compare patients within the crossover study who had a first CVC inserted in the femoral or jugular site.
Baselines were compared with those of all other patients from the Cathedia study by using either the chi-squared test in cases of qualitative variables, or by using the Student's or Mann-Whitney tests in cases of continuous variables. Femoral and jugular catheters were compared using the McNemar, Student's, or Wilcoxon signed-rank tests for dependent samples, as appropriate (10) . Catheter colonization and dysfunction curves were estimated by the Kaplan-Meier method for both sites of insertion and were compared by the robust log-rank test, using the sandwich variance estimator, to take into account the crossover design. Hazard ratios (HRs) and robust confidence intervals (CIs) were estimated by a Cox proportional hazard model, after checking the proportionality assumption. The difference in means of URR after jugular and femoral intermittent hemodialysis sessions was estimated by a linear mixed model, within which (1) the longitudinal design was modeled by using a temporal autoregressive structure of order one within each combination of patient and site and (2) the crossover design was modeled by adding an intrasite correlation, for each patient. All analyses were performed using R software (version 2.12.1).
Results
Patient Population
Among the 750 randomized patients of the Cathedia trial, 736 were included in the Cathedia analysis, 134 of whom were included in this study ( Figure 1 ). Fifty-seven patients (42.5%) were first randomized in the femoral group and then received a second CVC at the jugular site; 77 patients (57.5%) received the opposite sequence of catheterization. Those proportions assessed the 1:1 randomization balance (P=0.08; the difference to the 50-50 proportion was not detected as significant).
To assess the potential selection bias of this crossover study, baselines of the 134 analyzed patients were compared with the 602 remaining patients of the Cathedia study (Table 1) . No significant differences were detected except for gender, body temperature, and catheter duration. There were more men in the crossover study (74.6% compared with 65.4%, P=0.04) and patients had a slightly higher body temperature at the time of inclusion in this study (mean, 37.3°C; SD, 2.0) than the remaining patients in the Cathedia trial (mean, 36.7°C; SD 2.2). Moreover, the mean length of catheterization was .1 day longer for the patients analyzed in the crossover study than the other patients of the Cathedia trial (P=0.008), and no significant difference was detected between the proportion of patients who had died by the end of the study (P=0.92).
Catheter Characteristics and Catheter Insertion
Paired comparisons between the two different catheter vascular access sites are presented in Table 2 . No clinical or significant differences were detected between the two sites except for the time required for insertion and the proportion of failure on one side, which were more important for the jugular site.
Catheter-Tip Colonization
At the time of removal, 34 (25.4%) and 36 (26.9%) catheters were colonized among the femoral and jugular catheters, respectively, of the 134 crossover patients (P=0.78, by McNemar chi-squared test) (Figure 2A ). The risk of bacterial colonization at the time of catheter removal was not significantly different between the two insertion sites (HR, 0.99; 95% CI, 0.61-1.59; P=0.96 by robust log-rank test) (Figure 2A ). The number of catheter-related bloodstream infections was too low to be compared.
Catheter Dysfunction
Thirty (22.4%) and 35 (26.1%) catheters were removed for dysfunction among the femoral and jugular catheters, respectively, of the 134 crossover patients (P=0.46, by McNemar chi-squared test) ( Figure 2B ). The risk of catheter dysfunction was not significantly different between the two insertion sites (HR, 1.20; 95% CI, 0.74-1.95; P=0.46 by robust log-rank test) ( Figure 2B ).
Urea Reduction Ratio
Forty-eight patients underwent an intermittent hemodialysis in each site of catheter insertion. Thus, URR after every intermittent hemodialysis session were computed. Distributions of dialysis URR are represented in Figure 3 . We analyzed 395 dialysis sessions, 213 of which were femoral (mean URR, 51.2%; SD, 14.3) and 182 of which were jugular (mean, 50.2%; SD, 15.3). Because a patient could have undertaken more than one dialysis session at each different site of catheterization, a linear mixed model was computed to compare mean URR between those two sites, considering the longitudinal and crossover design of the analysis. The model estimated a mean URR of 50.9% and 49.5% for femoral and jugular intermittent hemodialysis, respectively. The mean difference between the two sites was neither clinically nor significantly different (P=0.49) (Figure 3 ).
Discussion
The risks of catheter infection and dysfunction were similar between jugular and femoral vein access sites among the 134 patients who received both catheters alternatively and randomly. In addition, the URR were comparable between routes. The results of this crossover design confirm those we found using a parallel design (7, 8) . Our findings are in accordance with new guidelines from the Centers for Disease Control and Prevention (11) for preventing central catheter infection, but contrast with the National Kidney Foundation's Kidney Disease Outcomes Quality Initiative Clinical Practice Guidelines for Vascular Access (6).
Our sample, by design, only selected patients who were still alive at the end of the first catheterization, who still required a second catheter for RRT, and for whom an alternative site was chosen. Although this constitutes selection bias, it embraces clinical practice situations in which our results are applicable. In addition, baseline characteristics were similar between patients included and not included in this crossover analysis. Gender and body temperature were marginally different between samples. Although both factors were not associated with catheter-tip colonization in our study (12) , men carry more microorganisms on the skin than do women (13) . The first site and thus the order of catheterization were randomized, which increases internal validity of the results.
Femoral venous access was faster and more successful than jugular access. For this reason, the femoral route is usually considered as the emergency route to gain vascular access. It should be noted that ultrasound guidance was not used for jugular catheterization. Ultrasound guidance has been shown to reduce catheterization failures and complications, for jugular central catheterization in particular, and should therefore be used (14-16).
Our results confirm that despite its proximity to the groin, the femoral route does not expose patients to a higher risk of catheter-related infection than the internal jugular route when catheterization occurred in the ICU with standard infection control practices. The main route for catheter-tip colonization for such indwelling time is extraluminal (17) from a patient's skin flora. The local density of microorganisms is therefore of major importance and the jugular site may also pose problems. After neck movements, oral secretions may contaminate the dressing. Another potential problem associated with temporary catheterization is vein stenosis (18) , particularly when the jugular site is chosen in the presence of pacemaker leads (19) . After colonization of the central catheter, the pacemaker leads can also become infected (20) . In this context, the femoral route also seems preferable. In this analysis, each patient served as his or her own control. Prior studies conducted in the same setting considered this design to compare the effect of catheter site (21) or catheter purpose (22) (RRT versus drug administration) on the risk of catheter infection. For example, Deshpande et al. (21) found a higher incidence density of jugular (48 per 1000 catheter-days) compared with femoral (8 per 1000 catheter-days) catheter-tip colonizations among 24 patients who received catheters at both sites. Although very large, this difference was not significant (P=0.06). Souweine et al. (22) also reported a higher incidence of dialysis catheter-tip colonization for the jugular site (18.6 per 1000 catheter-days, n=45) compared with the femoral site (3.6 per 1000 catheter-days, n=85), although the difference was not significant (P=0.15). Our results, which are based on a larger sample size and a stronger internal validity, do not support this trend favoring the femoral route over the internal jugular route for RRT vascular access in ICU.
Catheter dysfunction and URR were not different between sites, possibly because most of the femoral catheters were .20 cm long, in contrast with prior studies (23) (24) (25) (26) (27) (28) , and a more central position of the tip reduces dysfunctions and improves the flow by limiting recirculation rates. In addition, all previous studies were observational (23) (24) (25) (26) (27) (28) .
The catheter duration was 7 days, in accordance with previous studies (22, 29, 30) . The median indwelling time reported in this study is 2 days longer than the 5 days reported in the overall Cathedia cohort (7). Therefore, this result extends generalizability of our previous findings to longer temporary catheterization. This is important because in clinical practice, ARF may last up to 6 weeks Figure 2 . | Kaplan-Meier curves, comparing the two vascular access routes (femoral in blue shape and jugular in red shape), related hazard ratio, 95% confidence interval, and P value of the log rank test, using the "sandwich" robust estimator of the variance, considering the crossover design. This work has some limitations. First, because of the low number of events observed, colonization was studied rather than catheter-related bloodstream infection, which may limit clinical relevancy. Second, only the first and second dialysis catheters were included. Third, catheter insertion used anatomic landmarks, whereas the use of ultrasound-guided insertion is known to reduce the risk of mechanical complications, particularly for the internal jugular route (15) . Fourth, although cutaneous antisepsis and catheter care were controlled, dialysis prescriptions were not standardized between sites, which may bias URR comparisons. However, dialysis sessions were managed for each pairwise comparison by the same healthcare staff and within the same patient in random order. Finally, despite the high statistical power provided by the crossover design, this analysis only included 18.2% of the original cohort. Consequently, we were not able to explore subgroups according to the body mass index, side of catheterization, or dialysis prescriptions.
In conclusion, femoral and internal jugular routes are both equally safe and functional for RRT vascular access in ICU. Whether these data apply outside the ICU is speculative. Because of easier placement in the absence of ultrasound guidance, these data add to the evidence that femoral access can be used but with optimal insertion and sterile technique in the nonobese, bedbound, ICU patient, and that the alternative internal jugular route may be preferable once the patient starts to mobilize. 
